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Energy-dependent LCs: Crab Pulsar
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Pulsed TeV Emission from the Crab PSR
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Events/Bin Width

Energy-dependent LCs: Vela Pulsar
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E2dN/dE (erg cm?s?)

Pulsed TeV Emission from Vela PSR

soccor  E~10F 110 GeV K mmm H.ES.S. I _

3 - 7 Tev' 79000 |
wv
c
P2 detected at 5.60 level 3™
77000
and P1 not visible.
600 P1
10°® : I
PSR B0833-45 (P2) B H.E.S.S.II error box
Energy scale syst.
4 Fermi ECPL
10°}
10~10
—— HESS.IPL
1010 g 4 FermiPL > 10 GeV |,
101}
10-11 B
1012} A & ] 2 ]
1012} W
~ \\\’
10.13 3 101 1(1)2
107 10° 10! 102

Energy [GeV]

Abdalla et al. (2018)

(OFF
Fermi-LAT

<mmm > 10 GeV
N 3 >20 GeV (x3)

P3 LW2

0.4 0.6 0.8 1.0
Phase

MOTIVATION:

Curved spectrum favoured by
H.E.S.S. (>30).

CR tail or a different
component?



E? Flux (erg cm?s1)

Energy-dependent LCs: Geminga Pulsar
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Pulsed (Sub) TeV emission from Geminga
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Some Open Questions

* Spectral shape of emitting particles (primaries / pairs)?
*  Which emission mechanisms contribute to the broadband SED?
* Local and global electrodynamical properties?

* Pulsar (magnetosphere) geometry?

Spectral and energy-dependent light curve modelling

(Polarimetry)

cf. Diego’s talk



Emission Model

Force-free magnetosphere

(Next: FIDO?).

Pairs and primaries from steady 5
cascade in offset-PC field

(Harding & Muslimov 2011a,b).

Primaries accelerated only in SG and CS
(out to r = 2R ) assuming a constant 8
E-field. 2 of
No pair acceleration. } :

Chosen pair multiplicity. 1

Empirical radio core / cone model.

Resonant cyclotron absorption of radio

_2 .
photons (cf. Lyubarski & Petrova 1998).

Solve particle dynamics.

CR, SR, ICS, SSC radiation mechanisms.
Focus on primary CR.

Harding & Kalapotharakos (2015)
Inertial observer frame. Harding et al. (2018)

Energy-dependent light curves and spectra. cf. Alice’s talk



Refinement of Curvature Radius p,.

Previous: adaptive step size; calculate p. on the fly. Simultaneous transport

Now: Decouple p. and transport calculation

. Use fixed, small step size
. Smooth tangents

. Obtain second-order derivatives using Lagrange polynomial — precalculate p; interpolate later
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Refinement of Curvature Radius p,.
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Refinement of Curvature Radius p,.
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Refinement of Curvature Radius p.
¢ =60°, 30 MeV < E < 50 GeV
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Refinement of Curvature Radius p.

o =45° C =70° 30 MeV - 50 GeV

20 HE) 10 GeV - 50 GeV

Observer Angle (

1 [ T T i
0.8 i
40 0.6 | l
0.4 i
60 0.2 f ]
80 1l .
0.8 5GeV - 10 GeV ]
100 0.6 | 1
120 . 04} ;
140 g 0.2 } -
~ 1r 1 V- '} |
160 3 0.8 Ge 5Ge
= 06f
(/)]
20 : 0.4 ™
S 02
40 1
= 1} 500 MeV - 1GeV
60 0.8 |
0.6 |
80 0.4 }
100 0.2}
120 1r
0.8
140 0.6 |
0.4+
160 e |
0 0.2 0.4 0.6 0.8 1 00 0.2 0.4 0.6 0.8 1
Phase ¢ Phase ¢

=== Previous P

—Refined p, | Barnard et al. (in prep)




Counts

Energy-dependent CR light curves
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Isolating the Effect:
Forward Mapping

a = 45°, 30 MeV < E < 50 GeV
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First attempt: Isolating the Effect (¢p.)
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First Fit Spectrum + LCs
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Intensity (arb)

(i Jom [ T (oo lom [on [ om ) o000

First Fit Spectrum + LCs

_(=65°

@=75° ¢-e Fine tuning:
20 - 50 GeV — = 62 ©

: — 1o C dependence
: EE— S o . —E:r::;o

- 8-20GeV

- Phase-averaged Spectrum Racclow = 0.04, Rycc i = 0.25
i Norm =10

o000 QOo0O

-h
o
w

8- Fermi data: E > 100 MeV
— 65°

5 (=64°
10 : _c=630

E2dN/dE (ph MeV /cm? s)

— = 62
— 610

(:600

R R S R e

[P R S Tuea D e 'I\I'

.] l - - -6 O S ST i e g ey i N
0 0.1 020304050607 0809 1 19 02 i63 104 105
Phase ¢ Energy (MeV)




Isolating the Effect:
Reverse Mapping

a = 45°, 30 MeV < E < 50 GeV
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Second Attempt
Isolating the Effect (£ and ¢)

Directly in

* Only north
pole
simulated




Second Attempt
Isolating the Effect (£ and ¢)

Move by 1
rotation
* Normalise ¢




Second Attempt
Isolating the Effect (£ and ¢)

South pole:
* Moveby 1
rotation




Second Attempt
Isolating the Effect (£ and ¢)

South pole:
* Flip




Second Attempt
Isolating the Effect (£ and ¢)

a = 75°, 300 MeV < E < 50 GeV

20
40
60
South pole: 3
 Moveback & 80
by ha’f da g 100
rotation o
2120

Phase ¢



¢

Intensity (arb)

Isolating the Effect (£ and ¢)
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Finer Resolution

(720 azimuthal divisions, 11 colatitude divisions)

a = 75°, 300 MeV < E < 50 GeV
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Conclusions

Three pulsars detected in VHE band so far
New component, or extension of GeV one?

For Vela, P1/P2 ratio decreases with energy: P2 spectrum must
have larger cutoff. Probe emission mechanism?

Isolating effect: reverse mapping.

Preliminary findings: P2 has systematically larger p,, but also
systematically larger local B-field. More work needed!
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“O LORD our Lord, how majestic and glorious and excellent is Your Name in all the earth! You have displayed Your splendour above
the heavens” (Psalm 8:1 AMP).




